Tertiary alkynols with benzonitrile cyclize in the presence of acids to give 4,4-dialkyl-5-methylene-2-phenyl-1,3-oxazolines. Aliphatic nitriles and tertiary acetylenic alcohols are transformed, through intermediate acetylenic amides, which undergo ring-closure upon heating with solid alkali, to 2-alkyl-4,4-dialkyl-5-methylene-1,3-oxazolines.
Introduction
Recent investigations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] have shown that 1,3-oxazolines (4,5-dihydro-oxazoles or 2-oxazolines)
are potential ligands for the design of metal complex catalysts which are widely used in oxidation, polymerization, hydrogenation, hydrosilylation, and C-C bond formation (by DielsAlder and Heck reactions). The asymmetric catalysis employing enantiomerically pure oxazoline ligands has been developed intensively during the last fifteen years. 1 Additionally, 1,3-oxazolines are well known as fuel and oil additives, antistatic agents for polyolefins and textiles, corrosion inhibitors, polyvinyl chloride stabilizers, rubber plasticizers, photosensitizers, antipyrenes, curing agents, etc. 12 Attractive representatives of the oxazoline family are the 5-methylene derivatives, owing to the presence of the double bond in their structure, which is capable of further modification.
Results and Discussion
We have developed a novel synthesis of 5-methylene-1,3-oxazolines directly from acetylenic alcohols and nitriles. Some propargyl amides being intermediates of this reaction were synthesized before. 19, 20 Herein, we briefly report the results obtained.
The reaction of 2-methyl-3-butyn-2-ol 1a with benzonitrile 2a in the presence of concentrated sulfuric acid affords 4,4-dimethyl-5-methylene-2-phenyl-1, 3- To evaluate the scope of this synthesis we have studied the reaction of the acetylenic alcohols 1 with other nitriles 2 in the presence of sulfuric acid (Table 1) . 5-Methylene-1,3-oxazolines are easily detected even at a trace level by two doublets of the methylene group at 4.1-4.8 ppm (1H NMR of the reaction products).
Reaction of 1a, 3-methyl-1-pentyn-3-ol 1b, or 1-ethynylcyclohexanol 1c with aliphatic nitriles such as acetonitrile 2b or valeronitrile 2c furnishes the corresponding propargyl amides 3b-f. It is amazing that the well-known Ritter reaction was seemingly tried only once with tertiary acetylenic alcohols, 19 and consequently the real potential of this straightforward entry to propargyl amides remained obscured. The reaction is likely to involve the addition of carbocations 5 to nitriles 2 leading to cations 6, which further add water. The subsequent treatment with an alkali gives the 5-methylene-1,3-oxazolines 4.
The modest yields of 3e may be due to steric hindrances and insufficient stability of the starting alkynol 1c under the reaction conditions. Indeed, a substantial amount of side 1-acetylcyclohex-1-ene 7) is formed as a result of the Rupe rearrangement. 19, 21 With benzonitrile, Substituents in the alkynols 1 and nitriles 2 have a strong effect on the cyclization ability of the intermediate propargyl amides 3. In this case, the ring-closure proceeds during the work-up of the reaction mixture with aqueous alkali. In attempts to isolate the aromatic propargyl amide 3a diverse work-ups were employed, including neutralization with aqueous alkali or ammonia, and drying of the organic layer with K 2 CO 3 or MgSO 4 , but in all the cases only the corresponding 1,3-oxazoline 4a was isolated.
Amide 3b is stable towards acids: heating it (50-95°C) in aqueous H 2 SO 4 (5-45%) for 1-6 h resulted just in partial resinification and the release of traces of the starting alkynol 1a. At 150 o C, non-catalyzed hydration of the amide 3b to 2-methyl-3-oxo-2-butylacetamide 8 occurs in 59% yield (autoclave, 1 h). Using the amide of 3b as an example, the behavior of tertiary propargyl amides in the presence of NaOH with or without solvent has been studied ( Table 2) . In most cases, 5-methylene-2,4,4-trimethyl-1,3-oxazoline 4b was formed in 37-96% yield, depending on the reaction conditions. In a diluted (15%) aqueous solution of NaOH, amide 3b undergoes hydrolysis to form 2,3,3,5,6,6-hexamethyl-2,5-dihydropyrazine, 10, in 90% yield (Table 2) Formation of trimethyl-2-azirine 9 has been proved by mass spectrometry and GLC. Apparently, a precursor of the compounds 9 and 10 is the acetylenic amine 11 which undergoes the ring-closure. The amides 3 represent protected acetylenic amines of the type 11, which are of particular interest for the synthesis of pharmacologically active compounds. 22, 23 Therefore, a search for preparatively acceptable conditions for removing the acetyl protecting group is a challenging synthetic task. Amazingly, the known methods for deacylation of amides, 24 such as aminolysis, hydrazinolysis and hydroxylaminolysis (in addition to the above alkaline and acidic hydrolysis) proved to be inefficient here. In the aminolysis of amide 3b with ethanolamine, dibutylamine, dioctylamine, morpholine, aniline (50-100°C, 0.5-7 h), as well as in hydrazinolysis (60°C, 3 h) and in hydroxylaminolysis (80°C, 3 h), the initial amide 3b was recovered, and trace amounts (1-2%) of alkynol 1a were sometimes detected. Deprotection also failed upon heating (50-100°C, 1-5 h) the amide 3b with amido compounds, such as urea, guanidine and semicarbazide. Under anhydrous conditions in the presence of solid NaOH, amide 3b cyclizes smoothly to the oxazoline 4b (Table 2) . High, up to quantitative, yields of 4b are reached by distilling it off from the reaction mixture (Table 2 ). In a superbase system, KOH-DMSO, the reaction accelerates so much that it is finished in ~5-6 min at room temperature.
Conclusions
While tertiary alkynols cyclize with aromatic nitriles and acids directly to 2-aryl-5-methylene-1,3-oxazolines, aliphatic nitriles under similar conditions form acetylenic amides 3, which selectively transform to 2-alkyl-5-methylene-1,3-oxazolines upon heating with alkali under anhydrous conditions.
Experimental Section General Procedures.
1 H-and 13 C-NMR spectra were recorded on a Bruker DPX 400 spectrometer in CDCl 3 , with HMDS as an internal standard. IR spectra were run on a Bruker IFS 25 instrument. Chromatographic analysis was performed using a gas chromatograph "M 3700" equipped with 3×2000 mm columns filled with Chromaton AW HMDS with 15% of liquid phase DC-550. GC/MS analysis was carried out using a Hewlett-Packard HP 5971A instrument (70 eV, mass-selective detector), HP 5890 chromatograph, SPB-1 column (liquid phase SE-30), column length of 25 m, vaporizer temperature 250 °C, column temperature 70-280 °C, temperature increase rate of 20°C/min.
The alkynols 1a-c were synthesized from ketones and acetylene by the Favorsky reaction in the KOH-DMSO system, 25 and commercial grade nitriles 2a-c, DMSO (~0.4% H 2 O), H 2 SO 4 (98%), NaOH (< 2% H 2 O), KOH (~15% H 2 O) were used.
Synthesis of 2-aryl-5-methylene-1,3-oxazolines (typical procedure).
To a mixture of a tertiary alkynol (50 mmol) and benzonitrile (136 mmol), cooled to 0°C, a mixture of 3 mL of sulfuric acid and 1 mL of acetic anhydride is added dropwise for 30 min under stirring. The reaction mixture is further stirred for 30 min at 0°C and allowed to stay 20 h at room temperature. After that the mixture is decomposed with ice, neutralized with aqueous ammonia, extracted with diethyl ether, and the extract is dried over anhydrous K 2 CO 3 . After removal of the ether, the corresponding oxazoline is isolated from the mixture by column chromatography (alumina, hexane). 
4,4-Dimethyl-5-methylene-2-phenyl-1,3-oxazoline (4a

Synthesis of amides 3b-3d (typical procedure).
Into a flask, equipped with magnetic stirrer, thermometer and dropping funnel, 12.0 g (120 mmol) of H 2 SO 4 is placed, then 132 mmol of a nitrile 2a, 2b or 2c is added dropwise at 5 °C. The reaction mixture is cooled to -20°C and 130 mmol of an alkynol 1a, 1b or 1c in 396 mmol of the same nitrile is added dropwise for 2.5 h. After 15 h the reaction mixture is decomposed with crushed ice and neutralized with 40% aqueous NaOH at -10-0°C. The organic layer is separated and the aqueous layer is extracted with diethyl ether, and the combined extracts dried over K 2 CO 3 . After removal of the solvents, the crude amide is recrystallized from an appropriate solvent. 
